This review article presents the current state of knowledge about major perioperative cardiovascular complications in noncardiac surgery patients and the role of the currently available stratification models and biomarkers in risk prediction. The authors discuss a recent paper presented by the VISION Investigators in the June edition of the Journal of the American Medical Association and its practical implications in day-to-day perioperative practice. According to this study, the authors conclude that troponin (Tn) measurement up to 3 days after noncardiac surgery substantially improves perioperative risk estimation, and peak Tn values (even the levels previously considered as normal) strongly predict 30-day mortality. One in 25 patients with a peak fourth generation troponin T (TnT) measurement of 0.02 µg/l, 1 in 11 patients with a peak TnT measurement of 0.03 to 0.29 µg/l, and 1 in 6 patients with a peak TnT measurement of 0.30 µg/l or higher will die within 30 days of surgery. Postoperative monitoring of TnT measurements substantially improves risk stratification after noncardiac surgery and may help identify patients requiring further therapeutic interventions.
Over the last few decades, the field of noncardiac surgery has undergone substantial changes. The introduction of new surgical techniques, combined with improved anesthesia, has improved surgical care; however, the age and comorbidities of patients undergoing noncardiac surgery has increased. Worldwide, more than 200 million patients undergo major noncardiac surgery annually, and this number continues to grow. 1 Despite the benefits of surgery, major postsurgical complications occur, of which cardiovascular (i.e., vascular death, nonfatal myocardial infarction [MI] , nonfatal cardiac arrest, and nonfatal stroke) are the most common serious complications. 2 Further, more than 1 million patients die within 30 days following noncardiac surgery annually. 1 Of the major perioperative cardiovascular complications, MI is the most common. The pathogenesis of perioperative MI (PMI) is not fully understood; however, two main mechanisms have emerged as the most probable. The first mechanism is that PMI shares the same pathophysiology as the majority of nonoperative acute coronary syndromes (i.e., plaque rupture, fissuring, or erosion with consequent superimposed arterial thrombosis). This hypothesis is supported, among others, by the fact that surgery activates the inflammatory process and the coagulation cascade and acts on stress-related pathways. Moreover, cardiac catheterization data comparing patients who have suffered a PMI, a nonoperative acute coronary syndrome, or who have undergone elective cardiac catheterization suggest that many patients suffering a PMI have catheterization findings similar to nonoperative acute coronary syndrome patients.
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The second proposed mechanism of PMI is supply--demand mismatch.
4-6 It is potentially provoked by many factors that commonly take place during surgery, such as fluid shifts, hypotension, catecholamine release, pain, anemia, tachycardia, or hypoxia. Additionally, as the population ages, many patients that undergo a surgical procedure end up having accompanying coronary artery disease, which in turn places them in a higher-risk comparing the effects of β-blockers with placebo among patients undergoing noncardiac surgery, revealed a large underestimation in the major vascular events with the use of the RCRI. According to the POISE results, the overall vascular mortality in the first 30 days after surgery was 1.6%; PMI occurred in 5% of patients, stroke in 0.7%, and nonfatal cardiac arrest in 0.5%. 2 The authors concluded that physicians should expect double or triple the risk of major events as predicted by the RCRI. 4 Taking into account the burden of perioperative vascular complications and the problems with diagnosing PMI, the medical community is searching for a biomarker that could predict adverse perioperative complications. Among the available biomarkers, the most specific and sensitive for MI are cardiac troponins (Tn) I and T (TnT). They are released into the circulation as a consequence of myocardial necrosis and play a pivotal role in diagnosing MI. 21, 22 In the nonsurgical setting, increased levels of cardiac Tn have been shown to predict poor outcome including mortality. 23 In the setting of noncardiac surgery, there is encouraging but inconclusive evidence that Tn measurements after surgery may predict short-term mortality. 9 A meta-analysis performed by Levy et al. 24 that included 10 studies (n = 1728) that evaluated noncardiac surgery patients demonstrated that an elevated cardiac Tn was an independent risk predictor of mortality up to 1 year after surgery with the odds ratio of 6.7 (95% confidence interval [CI], 4.1-10.9; I 2 = 0%).The studies in this meta-analysis were, however, mostly small with few events and did not adjust for all known predictors of mortality.
The Vascular Events In Noncardiac Surgery Patients Cohort Evaluation Study (VISION; ClinicalTrials.gov identifier, NCT00512109) is the largest prospective international cohort study evaluating major complications in patients after noncardiac surgery. It is a multicenter study, led by the research team from McMaster University, that aims to recruit 40,000 patients in North and South America, Africa, Asia, Australia, and Europe. Patients are eligible for the study if they are 45 years or older, undergo noncardiac surgery (elective or urgent/emergency with either general or regional anesthesia), and require at least an overnight hospital stay. Patients have TnT measured daily during the first 3 days after surgery, and are followed up at 30 days and 1 year after surgery. At the beginning of this study, patients had the fourth generation TnT measurements after noncardiac surgery. The first 15,000 patients experienced an event rate approximately 3 times higher than what was expected at the beginning. Recognizing they had sufficient events to address their objectives related to the fourth generation TnT measurements, the Operations Committee decided to henceforth monitor the fifth generation high-sensitivity TnT assay. The authors then published the first major paper from VISION in The Journal of the American Medical Association group, as most patients with PMI have some degree of underlying coronary stenosis. 7, 8 The diagnosis of a PMI has challenges because it typically occurs in the first 48 hours after surgery 9,10 when most patients are receiving analgesic medications that can mask cardiac ischemic symptoms, and some patients remain sedated and on mechanical ventilation, which limits communication. 2,10-12 Only 35% of patients suffering a PMI will experience cardiac ischemic symptoms, 10 a number which differs substantially from the emergency room setting. Changes in electrocardiogram (ECG) patterns are transient and often missed because patients, when they are having the event, experience symptoms too rarely to trigger health care providers to obtain an ECG. 5,10 Regardless of the presence of symptoms, PMI occurrence is associated with an increase of 30-day mortality up to 11.6%. 10 Therefore, it is essential to identify patients who would require more intensive monitoring and management in order to decrease the perioperative mortality risk.
Several preoperative risk prediction indices for major vascular complications and mortality have been developed. [13] [14] [15] [16] The Revised Cardiac Risk Index (RCRI) introduced by Lee et al. 14 is probably the most widely used model. It is easy to use and consists of 6 equally weighted clinical components: high-risk surgery (intraperitoneal, intrathoracic, or suprainguinal vascular surgery), history of ischemic heart disease, history of congestive heart failure, history of cerebrovascular disease (both stroke and transient ischemic attack), diabetes requiring insulin therapy, and impaired renal function with preoperative serum creatinine level above 176.8 µmol/l. Based on their scores, patients are grouped into 3 groups at risk of developing major vascular events after surgery: low-, intermediate-, and high-risk groups (presence of at least 3 risk factors corresponds to 11% risk of complications). 14 Nonetheless, the risk prediction accuracy of RCRI has been recently questioned by many authors, mostly due to underestimation of vascular complications and subsequent mortality following surgery.
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Moreover, methodological limitations of the original RCRI study have been raised, 4 for example, that the study was conducted at a single--center, that there was a small number of events on which the index was based (only 92 adverse events),
14 that there was absence of stroke as an outcome event (which is an independent serious predictor of mortality and disability after surgery), 19 and that patients undergoing emergency surgery were excluded even though they belong to the group with the highest risk of complications.
15 Some researchers suggest also adding age into the RCRI model to improve its prediction outcomes.
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The recently published data from the large PeriOperative Ischemic Evaluation (POISE) Trial 2,10,20 that included over 8000 patients in a randomized controlled trial in 190 centers in 23 countries enhanced risk prediction beyond the preoperative model; the net reclassification improvement with added peak TnT measurements to risk stratification based solely on preoperative variables reached 25% (P <0.001). In other words, the risk stratification model in noncardiac surgery is substantially enhanced when postoperative TnT measurements are added to the preoperative factors. It is a marker of substantial clinical utility because prognostically important elevated TnT values were found in 11.6% of patients 45 years of age or older undergoing noncardiac surgery, and the results were consistent throughout the international centers.
The third universal definition of MI has recently been published in a 2012 consensus statement of the European Society of Cardiology, American College of Cardiology Foundation, American Heart Association, and the World Heart Federation. 26 In this document, the international consensus group added a section for the first time on MI in the noncardiac surgery setting. Based on the POISE data on MI and the VISION data on Tn, this consensus document states, "routine monitoring of cardiac biomarkers in high-risk patients… after major surgery, is therefore recommended."
At present, there are no randomized controlled trials concerning the treatment of myocardial injury as detected through an elevated Tn measurement after surgery; however, according to the available data from nonsurgical trials and observational noncardiac surgery data, it is strongly encouraged to use both acetylsalicylic acid and statin therapy in these patients. 27,28 Unfortunately, it has been documented that a substantial proportion of patients suffering a myocardial injury in the perioperative period after noncardiac surgery do not receive these medications. 10 Large clinical intervention randomized trials in the noncardiac perioperative field are needed to inform how to optimally manage patients suffering a myocardial injury after surgery. The VISION Investigators are about to launch a large international trial evaluating a novel new anticoagulant in this patient population. Hopefully, other investigators will get involved and will initiate other trials evaluating promising interventions to help this patient population.
In summary, the recent JAMA paper presented by the VISION Study investigators, clearly demonstrated that measuring cardiac TnT in the first 3 days after noncardiac surgery substantially (JAMA) evaluating the prognostic capabilities of the fourth generation TnT to predict 30-day mortality. 25 The study had an equal sex distribution of men and women. Approximately 50% of the patients were 65 years of age and older and approximately 1 in 4 patients were 75 years of age and older. The most common surgeries were low-risk surgeries (39.4%), major orthopedic (20.4%), major general (20.3%), and major urology/gynecology surgeries (12.5%). Vascular surgery (3.3%) and thoracic surgeries (2.5%) were less common. Urgent or emergency surgery was performed in 14.2% of the patients.
The investigators evaluated predicting 30-day mortality with the Cox proportional hazard model that included 24 preoperative and surgical variables (e.g., age, coronary artery disease, type of surgery) and this model was repeated with the addition of the peak TnT measurement during the first 3 days after surgery. This approach allowed the authors to define the prognostic role of TnT in predicting 30-day mortality and to determine the thresholds that independently altered patients risk. 25 Of 15,133 patients studied, 282 patients (95% CI, 1.7%-2.1%) died during 30 days after surgery. Of this group, 26% died after discharge from hospital, and the median time to death was 11 days (interquartile range, 4.0-15.0 days) after discharge. The investigators were able to successfully complete the 30-day follow-up on more than 99% of the patients. The strongest predictor of death was the peak TnT measurement after surgery, with the population attributable risk analysis suggesting that 41.8% of deaths could potentially be explained by increased TnT values after surgery. A multivariable analysis demonstrated that peak TnT threshold values of 0.02 µg/l, 0.03 µg/l, and 0.30 µg/l were independently associated with 30-day mortality (TAbLE) .
The fourth generation TnT values of 0.02 and 0.03 µg/l, which are not considered abnormal in daily practice, were striking predictors of 30-day mortality. The higher the peak Tn after surgery, the higher the likelihood of death, with 1 in 6 patients with TnT higher than 0.30 µg/l dying within 30 days of surgery. Also, the time to death is shorter with the increase of TnT values (i.e., 13.5 days for TnT values of 0.02 µg/l and 6.5 days for TnT values of 0.3 µg/l or higher). The postoperative peak TnT measurement substantially improves mortality risk prediction in noncardiac surgery patients. The data suggests that 1 in 25 patients with the peak TnT measurement of 0.02 µg/l, 1 in 11 patients with the peak TnT measurement of 0.03 to 0.29 µg/l, and 1 in 6 patients with the peak TnT measurement of 0.30 µg/l or higher will die within 30 days of surgery. Monitoring postoperative TnT measurements can enhance risk stratification after noncardiac surgery, and routine perioperative Tn monitoring is now recommended by an international consensus group.
